budesonide group (30.4%) than in the mesalazine group (25.0%), and the noninferiority of budesonide to mesalazine was shown. The mean total CDAI score decreased to a greater extent with budesonide than with mesalazine. Mean IBDQ scores improved from baseline to weeks 2, 4, 8, and 10 in both groups; improvements were numerically higher with budesonide than with mesalazine. No safety concerns were found. Conclusion: Budesonide is comparably effective to mesalazine in the treatment of Japanese patients with mildto-moderate active CD.
mation from 2013 showed that approximately 40,000 patients in Japan received registered treatment for CD in that year [2] . The treatment guidelines for CD in Japan describe 5-aminosalicylic acid (mesalazine) as a common first-line treatment for mild-to-moderate disease [3] .
US and European guidelines recommend the glucocorticoid budesonide as a treatment for mild-to-moderate active ileocolic CD because it results in a higher rate of remission induction than mesalazine [4, 5] . However, budesonide had not been approved in Japan at the time the Japanese guidelines were published (in 2013) [3] .
Budesonide is approved for use in CD in about 40 countries worldwide. In Western populations, it has been shown to be as effective as prednisolone in the treatment of mild-to-moderate CD [6, 7] , and to be more effective than mesalazine in inducing remission [8] . The efficacy of budesonide in Japanese patients with mild-to-moderate active CD was investigated in a phase 2 study; the proportion of individuals achieving remission after 8 weeks was higher in the budesonide groups than in the placebo group (23 and 28% with budesonide 9 mg and 15 mg once daily [q.d.], respectively, vs. 12% with placebo), although the differences between the two budesonide dose groups or between the budesonide and placebo groups were not statistically significant [9] . In Japan, budesonide was approved for induction of remission in patients with mildto-moderate active CD in September 2016.
The purpose of this phase 3 study was to evaluate the clinical efficacy, safety, and tolerability of budesonide 9 mg q.d. compared with mesalazine 1 g three times daily (t.i.d.) in patients with mild-to-moderate active CD in Japan by assessing remission of CD after 8 weeks of treatment. It was hypothesized that the remission rate with budesonide would be noninferior to that with mesalazine.
Methods

Study Design
This was a phase 3, randomized, double-blind, parallel-group, multicenter trial (NCT01514240) conducted at 31 centers across Japan between February 2012 and September 2014. A flowchart of the study design is shown in Figure 1 .
The trial comprised a 2-week screening period, an 8-week treatment period, and a 2-week dose tapering period. Eligible patients were first stratified according to whether or not they were receiving concomitant treatment with azathioprine/6-mercaptopurine, and then randomized in a 1: 1 ratio to receive either oral Fig. 1 . Flowchart of the study design. * To be eligible for randomization, patients must have had a Crohn's Disease Activity Index score between 180 and 400 for a 1-week period during the screening period. R, randomization.
budesonide 9 mg q.d. before breakfast with placebo for mesalazine t.i.d. or oral mesalazine 1 g t.i.d. after meals with placebo for budesonide q.d. for the 8-week treatment phase. The randomization scheme was generated by a third party (a registration center), taking into account the information on concomitant azathioprine/6-mercaptopurine use. The budesonide 9 mg dose was selected based on results from the dose-finding study [10] and the phase 2 trial in Japanese patients [9] . Budesonide capsules and matching placebo were obtained from AstraZeneca, Sweden, and mesalazine timerelease tablets and matching placebo were obtained from KYORIN Pharmaceutical Co. Ltd., Japan. In keeping with the double-blind, double-dummy study design, patients in the budesonide group received a budesonide capsule q.d. before breakfast and a mesalazine placebo tablet t.i.d. after each meal, and patients in the mesalazine group received a budesonide placebo capsule q.d. before breakfast and a mesalazine tablet t.i.d. after each meal. During the dose tapering period, patients in the budesonide group received budesonide 6 mg q.d. during week 9 and no budesonide treatment during week 10. Patients in the mesalazine group continued to receive mesalazine 1 g t.i.d. during weeks 9 and 10. Matching placebo was continued during the dose tapering period in both groups. Patients completed a diary card on ≥7 consecutive days during the screening phase and daily during the treatment phase. Investigators used the diary cards to record the variables for calculating the Crohn's Disease Activity Index (CDAI) score. In addition, patients completed the validated Japanese version of the Inflammatory Bowel Disease Questionnaire (IBDQ) at weeks 0−10 (visits 2-6) [11, 12] .
Study Participants
Patients aged ≥15 years were eligible for inclusion in the study if they had a diagnosis of active CD verified by X-ray, endoscopy, or histology affecting the ileum, ileocecal region, and/or ascending colon. In addition, to be eligible for randomization, patients had to have had a CDAI score between 180 and 400 inclusive for a 1-week period during the screening phase [13] . The presence of 157 CD was confirmed in the time period before enrollment and active disease status in the screening phase via the CDAI. The lower age limit of 15 years was chosen to include adolescents in their late teens who are part of the age group in whom CD commonly first appears, and to reflect the need for therapy in these age groups, the medication use globally, and mesalazine use in Japan.
Patients receiving a partial, specialized "elemental diet" as nutritional treatment (≤1,200 kcal/day) [14] were eligible for inclusion if their calorie intake had remained constant from 2 weeks before randomization; calorie intake had to remain constant until the end of the study or discontinuation. Patients receiving azathioprine (≤2.0 mg/kg/day) or 6-mercaptopurine (≤1.2 mg/kg/day) were eligible for inclusion if their treatment dose had remained constant from 12 weeks before randomization; the dose had to remain constant until the end of the study or discontinuation.
The main exclusion criteria were: presence of an ileostomy, pouch, or colostomy; resection of the ileum totaling ≥100 cm; previous total gastrectomy; active CD of the rectum or anus; systemic infection; history of gastrointestinal malignancy, high-grade dysplasia, or carcinoma; active peptic disease; and uncontrolled diabetes mellitus. Patients receiving infliximab during the 8 weeks before randomization, or glucocorticoids, adalimumab, antibiotics for CD, or mesalazine (≥2,251 mg/day) during ≥2 weeks before randomization were also excluded, as were women who were pregnant, breastfeeding, or of childbearing age and not using medically accepted contraception. Mesalazine as concomitant medication was stopped the day before randomization.
Efficacy Assessments
The primary efficacy variable was the rate of remission at week 8, defined as a CDAI score ≤150. Secondary efficacy variables were remission rate at weeks 2 and 4, change in CDAI score, clinical improvement defined as remission (CDAI score ≤150) or a decrease in CDAI score ≥100 from week 0 (visit 2) after 2, 4, and 8 weeks of treatment, clinical improvement defined as remission (CDAI score ≤150) or a decrease in CDAI score ≥70 from week 0 (visit 2) after 2, 4, and 8 weeks of treatment, and change in diseasespecific health-related quality of life (assessed using the IBDQ).
Safety Assessments
The following safety variables were assessed: adverse events, laboratory variables (hematology, clinical chemistry including serum dehydroepiandrosterone sulfate [DHEA-S] and C-reactive protein [CRP] levels, and urinalysis), vital signs (pulse, blood pressure, and body temperature), and physical examination findings.
Statistical Analyses
The sample size was calculated to demonstrate noninferiority of budesonide to mesalazine with regard to the primary variable, the remission rate at week 8, using a 10% noninferiority margin. The remission rate was expected to be 28% in the budesonide group and 15% in the mesalazine group, based on results from a phase 3 study [15] and the phase 2 trial in Japanese patients [9] . Evaluable data from 54 patients in each treatment group were required to provide 90% power to show the lower limit of the twosided 90% confidence interval (CI) for a between-group difference higher than -10%. The noninferiority design is a potential weakness of the study; however, this research, including the choice of study design, was undertaken in consultation with the Japanese regulatory agency (Pharmaceutical and Medical Devices Agency).
Efficacy analyses were performed using the full analysis set. Differences in rates of remission and clinical improvement were analyzed along with their two-sided 90% CIs using the NewcombeWilson score method without continuity correction [16, 17] . Remission rates between treatment groups were also compared using χ 2 tests. Subgroup and secondary efficacy analyses were descriptive only.
Results
Study Participants
A total of 112 patients were included in the study. After stratification according to whether or not they were taking concomitant azathioprine or 6-mercaptopurine (yes: n = 28 [25%]; no: n = 84 [75%]), patients were randomized 1: 1 to receive budesonide or mesalazine (online suppl. Fig.  S1 ; see www.karger.com/doi/10.1159/000484047 for all online suppl. material). Twelve patients (21%) in each treatment group were taking azathioprine, and 2 (4%) in each group were taking 6-mercaptopurine.
The trial was completed by 89% of the patients treated with budesonide (50/56) and by 80% of those receiving mesalazine (45/56). Baseline demographics, disease characteristics, and previous disease-related medication use are listed in Table 1 for all randomized patients. Efficacy Assessments Primary Assessments. The proportion of patients who achieved remission at week 8 was numerically higher in the budesonide group than in the mesalazine group (30.4 vs. 25.0%; p = 0.526; Fig. 2 ; Table 2 ). The between-group difference of 5.4% (90% CI -8.5 to 18.9) indicated noninferiority of budesonide 9 mg q.d. to mesalazine 1 g t.i.d. for clinical remission. Remission rates by subgroups, listed in Table 2 , were generally in line with the main analysis.
Secondary Assessments. The proportion of patients who achieved remission was numerically higher in the budesonide group than in the mesalazine group at week 2 (12.5 and 10.7%, respectively; p = 0.768) and at week 4 (21.4 and 12.5%, respectively; p = 0.208). While there was no statistically significant difference between the two groups, the decrease in mean total CDAI score from baseline was slightly greater in the budesonide group than in the mesalazine group at weeks 2, 4, and 8 (Fig. 3a) . The cumulative remission rate increased over time in both treatment groups and was numerically higher in the budesonide group than in the mesalazine group. The proportion of patients with clinical improvement defined as a CDAI score ≤150 or a CDAI score decrease from baseline ≥100 was numerically higher in the budesonide group than in the mesalazine group at week 2 (25.0 vs. 17.9%), week 4 (33.9 vs. 19.6%), and week 8 (42.9 vs. 30.4%) (Fig. 2) . The proportion of patients with clinical (Fig. 3b) .
Safety and Tolerability
The mean duration of exposure was 61 days for budesonide and 62 days for mesalazine. Online supplementary Table S1 shows the number of patients reporting adverse events in any category and lists adverse events that occurred in >5% of patients in a treatment group. No patients (0%) in the budesonide group and 1 (2%) in the mesalazine group experienced adverse events with severe intensity. Three patients (5%) in the budesonide group and 1 (2%) in the mesalazine group experienced ≥1 serious adverse event. None of the serious adverse events were considered by the investigators to be related to the study drug. The number of patients discontinuing treatment because of adverse events was the same in the budesonide group (n = 4, 7%) as in the mesalazine group (n = 4, 7%). The number of possible glucocorticoid-related adverse events was small, with no important differences between the budesonide and mesalazine groups: 1 patient in the budesonide group experienced a possible glucocorticoid-related adverse event (dermatitis acneiform of mild intensity), which led to therapy discontinuation.
No safety concerns were raised in either of the treatment groups. There were no clinically significant differences in hematological values between the budesonide group and the mesalazine group. Mean values for CRP and DHEA-S were lower in the budesonide group than in the mesalazine group up to 8 weeks, and the values returned towards baseline after the dose tapering period in both groups. No clinically significant differences in clinical chemistry values were observed between the two treatment groups (online suppl. Table S2 ).
Discussion
This phase 3 study, conducted in patients with mildto-moderate active CD in Japan, met its primary objective of showing noninferiority of budesonide 9 mg q.d. to mesalazine 1 g t.i.d. for remission at week 8. The results for secondary variables were consistent with those for the primary variable in terms of demonstrating noninferiority of budesonide to mesalazine. The rates of improvement were numerically higher in the budesonide group than in the mesalazine group, an effect that could already be observed at weeks 2 and 4. To our knowledge, this is the first study to compare budesonide with mesalazine in patients with CD in not only the Japanese but also in the non-Japanese Asian population (n = 3). The initial plan had been for the study to enroll only treatment-naïve pa- tients with CD. However, this was changed such that those who had previously used disease-related medication could also be included so that the study design would better reflect real clinical settings. Remission was assessed using the CDAI, which is recommended by the Japanese CD treatment guidelines for the objective evaluation of disease activity and severity [3] . The CDAI assesses symptom relief, which, although it does not always correlate with mucosal healing, might nevertheless be a preferred outcome from a patient perspective. Stratification of patients according to the use of concomitant immunomodulation therapy with azathioprine or 6-mercaptopurine ensured that there would be no differential effect of these agents on budesonide treatment compared with mesalazine treatment. Budesonide therapy had a good safety and tolerability profile in the present study. Although budesonide is a glucocorticoid, it has low systemic bioavailability and a significantly lower rate of glucocorticoid-related adverse events than prednisolone [18] , a therapy that is recommended in Japan for patients with moderate-to-severe CD [3] .
Together with control of disease activity, the Japanese treatment guidelines for CD list improvement in patients' quality of life as the main goal of therapy [3] . In the present study, disease-specific health-related quality of life, as measured using the IBDQ, improved in both treatment groups. However, improvements in score were numerically greater in the budesonide group than in the mesalazine group, mirroring the greater decrease in disease activity score in the budesonide group than in the mesalazine group. The present study included a 2-week dose tapering period after the 8-week treatment period. Quality of life was evaluated using the IBDQ up to week 10, thereby providing new information about post-treatment effects that has not been reported in previous studies of budesonide and mesalazine.
The results of the present study are supported by those of a phase 2 study in Japanese patients with mild-to-moderate CD, which showed a remission rate at week 8 of 23% with budesonide 9 mg q.d. (compared with 12% with placebo) [9] . The remission rates observed in the present study and in the phase 2 study in Japanese patients [9] are lower than those reported in Western populations [15] . This may be explained by differences in concomitant medication taken by the study populations or by their differing disease histories ( Table 3 ). The mean disease duration in patients in the present study was longer than that in the study in Western populations (8.2 vs. 6.0 years) [15] , and patients in the present study were thus more likely to have already tried different treatments and to be treatment resistant.
The present study is the first to compare budesonide and mesalazine for the treatment of patients with CD as an add-on to concomitant therapy and to report these data separately for subgroups with concomitant therapy versus those without, thereby providing important new information in this field of study. There were no statistically significant differences in remission rates between budesonide and mesalazine, regardless of the use of concomitant therapies (Table 2) .
In previous studies, adrenal function was monitored by assessing serum cortisol levels. In the current study, serum DHEA-S levels were analyzed and were observed to change (with a tendency to decrease) during the 8-week treatment phase in the budesonide group, with no change observed in the mesalazine group (online suppl. Table  S2 ). The change in DHEA-S levels in the budesonide group reflects the steroid characteristics of budesonide. Serum cortisol levels display a large circadian variation, meaning that the timing of testing needs to be considered in order for results to be accurate and comparable; generally, cortisol levels are assessed in the morning, at the time of awakening. In contrast, circadian variation is small for DHEA-S levels, and serum DHEA-S monitoring can therefore be used as a simple index of adrenal function when assessing budesonide therapy in CD.
A previous study, conducted in several Western countries, showed budesonide 9 mg q.d. to be more effective than mesalazine 2 g twice daily at inducing remission in patients with active CD [8] . Furthermore, a recent metaanalysis of randomized clinical trials, which included direct as well as indirect comparisons, showed that budesonide was more effective than mesalazine at inducing and maintaining remission [19] . About half of the patients in the present study were concomitantly using nutritional therapy or immunosuppressants. Use of several therapies in parallel reflects common practice in Japan, where nutritional therapy and immunomodulators are often used to support induction or maintenance therapy in patients with CD [3, 20] . A specialized "elemental diet" as nutritional therapy has been shown to be safe for patients with CD [14] , and is widely used in Japan for the treatment of mild-to-moderate CD in combination with ethyl cellulose-coated mesalazine 3 g per day. In a study that enrolled patients with CD who were in remission, a nutritional therapy with half of the daily calorie requirement being provided by an elemental diet was observed to be effective for maintenance of remission [14] . Furthermore, a recent meta-analysis concluded that use of enteral nutritional therapy in combination with infliximab is more effective than infliximab alone at inducing and maintaining remission in patients with CD [21] . In the present study, patients who were receiving ≤1,200 kcal per day from nutritional therapy were eligible for inclusion. This is likely to have resulted in patients not responding to nutritional therapy being enrolled, and thus to lower efficacy values for both budesonide and mesalazine relative to those observed in preceding studies in Western populations. Another limitation of the study is the small number of patients per subgroup in the subgroup analyses. Also, most enrolled patients had used disease-related medication previously, representing a potential selection bias that could have affected the results.
In conclusion, therapy with budesonide 9 mg q.d. was noninferior to treatment with mesalazine 1 g t.i.d. for remission at week 8 in patients with active mild-to-moderate CD in Japan. No safety concerns were raised with either treatment. Although the present study harbors potential weaknesses, such as not being statistically powered to show superiority and with a relatively small number of patients, a relatively short treatment period, concomitant drug use, and a somewhat heterogeneous patient populations in terms of disease severity, the study results demonstrate that budesonide is comparably effective to mesalazine, providing an option for therapy in Japanese patients with CD.
